SUMMARY
The 50-60% survival rate of newborn infants with congenital diaphragmatic hernia (CDH) has not significantly changed during the last decade;I,2 this has been despite many changes in the ventilator management of neonatal respiratory failure, the use of pulmonary vasodilators and delayed surgical repair. Current management of infants with CDH and severe hypoxaemia includes paralysis, sedation with fentanyl (2-10 mcglkglhr), ventilation (aiming for alkaline pH), minimising barotrauma, and pulmonary vasodilators. 3 Unfortunately no reliable specific pulmonary vasodilator is available yet, so that many dilators are tried -tolazoline, nitroglycerine, prostaglandin El' Once the infant is stabilised, surgery is planned as an elective procedure 24 to 72 hours later rather than an emergency measure, because lung compliance can worsen after surgery. 4 The use of unproven therapies with potential complications such as high-frequency oscillation (HFO) or extracorporeal membrane oxygenation (ECMO) highlights the importance of accurate prediction of death in patients with CDH. The Bohn criteria 5 have been widely accepted as an accurate predictor of death in children with CDH. However, these criteria should be validated in any hospital in which they are used.
We have reviewed our patients with CDH to test the reproducibility of mortality prediction using the Bohn criteria, to see if predictive power could be improved by using a modified ventilatory index, incorporating P aco2, and an oxygenation index, and to develop criteria useful for predicting death in infants with CDH in our patients. METHODS The records of all infants admitted to the Intensive Care Unit (ICU), Royal Children's Hospital, with CDH between 1 January 1980 and 30 April 1989 were reviewed. Children were included in the study ifCDH was diagnosed within six hours of delivery, they were ventilated before operation and there was no associated lethal congenital abnormality.
Preoperative ventilatory rate (RR), peak airway pressure (PAP), mean airway pressure (MAP), positive end-expiratory pressure (PEEP), inspired oxygen concentration (Fi02) and pre-ductal pH, arterial oxygen tension (P a02) and carbon dioxide tension (P aC02) were recorded for all patients. The values used were those at the time of the 'worst' preductal arterial blood gas before surgery. Data was also collected at 2, 12 and 24 hours after operation. The coexistence of other abnormalities YEAR FIGURE I ,-Survival of infants with CDH during the tenyear period, was documented, as was the duration of intensive care and hospital stay, patient outcome, and reason for death, The Bohn criteria were applied to these patients, and the sensitivity, specificity and positive and negative predictive power were calculated, Sensitivity was defined as the number of nonsurvivors in whom the predictor of mortality was . positive divided by all the non-survivors, and specificity as the number of survivors in whom the predictor of mortality was negative divided by all the survivors. Positive predictive power was defined as the probability that a patient would die, given that the predictor of mortality was positive. Negative predictive power was defined as the probability that a patient would live, given that the predictor of mortality was negative. A modified ventilatory index (MYI = RR X PIP X PaC02/ 1000) and an oxygenation index (01 = MAP X FP2/Pa02) were calculated and tested by receiver operating characteristic (ROC) analysis. 6 • 7 In this analysis a curve is constructed by plotting sensitivity against specificity: for each clinical predictor, the plot nearest the upper left hand corner of the graph shows the value of the predictor that gives optimum sensitivity and specificity (assuming that equal weight is given to true positive and true negative results). Sensitivity, specificity, and positive and negative predictive power were then calculated for the optimal values of MYI and 01.
RESULTS
Ninety children satisfied the entry criteria and of these 51 survived. Seventy-nine of the 90 children had no other congenital abnormality. The median gestational age was 39 weeks (range 30-42 weeks), the median weight was 3.1 kg (1.5-4.6 kg), the median age of diagnosis was 1 hour (0-5 hours), the median time of surgery was 18 hours (6-48 hours). The ventilation and blood gas details are shown in Table 1 . The survival rate is shown in Figure 1 .
Mortality prediction by the Bohn criteria is shown in Figure 2 . Figure 3 . An MVI of70 or more predicted a 93% mortality with a specificity of96% and a sensitivity of 64%. An OI of 0.3 or more predicted a 96% mortality with a specificity of98% and a sensitivity of 67%. Children who had either an MVI of 70 or more or an 01 of 0.3 or more had a 94% mortality; these criteria had a specificity of 96% and a sensitivity of 82%.
DISCUSSION
Experience with ECMO continues to increase, and some authorities now regard it as established therapy for persistent pulmonary hypertension of the newborn. s However, in CDH the underlying problem is pulmonary hypoplasia, such that ECMO may be less beneficial. Furthermore, ECMO is more likely to be associated with bleeding problems in postoperative patients. Despite this, a number of authors feel that ECMO has a role in managing infants with CDH. [9] [10] [11] An index of severity of illness in CDH has two important functions: first, to predict that a patient is likely to die, so that a new form of therapy is warranted, and second, that a patient is likely to survive, so that a new form of therapy may not be warranted. It is therefore desirable that the index has both a high specificity and a high sensitivity. The clinical reliability of the index can be quantified by the predictive power of positive and negative tests: the probability that an infant predicted to die on conventional therapy will in fact die, and the probability that an infant predicted to survive will do so. For the purposes of using an unproven therapy, the positive predictive power of the test should be high.
The Bohn criteria applied to our data with a predicted mortality of 77% in fact had a true mortality of 47%. In our Unit, many patients are left with a P aco2 of 40-50 mmHg, without vigorous attempts to decrease this value to less than 40 mmHg, as occurs in Toronto. This difference in ventilation strategy may explain the inaccuracies of the Bohn criteria when applied to our patients. To allow units with different strategies of management to compare results, we need objective criteria; thus, we have included PaC02 in our VI, and also incorporated the 01, which has been used as an outcome predictor in newborn infants with respiratory failure. 12 ,13 This study has a number of problems including the retrospective data collection; however, blood gas data and ventilation details are accurately recorded on specific charts in this intensive care unit. Also the timing of diagnosis is reliably recorded either by the Newborn Transport teams or on the admission paperwork. The main problem with developing predictors of outcome as we have done in this study is that there have been a number of changes in the management protocols over the decade_ However, as the mortality over this period is unchanged, and the entry criteria have selected infants with similar severity of illness, we feel that these criteria may be valid. Formal prospective evaluation of these criteria in a number of hospitals is necessary over the next few years to see if in fact these predictors are valid and reliable for clinical use.
